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ABSTRACT 
Plasticizer is an additive for plastic to improve its elasticity and flexibility. In this experiment, 
the composites based on chitosan-starch were synthesized at different weight ratios (7/3; 8/2; 9/1; 
10/0)  by using 12.28 – 24.24% volume of glycerol as plasticizer. This paper studies the influence of 
plasticizer on mechanical and chemical properties of chitosan-starch plastic film. The films were 
observed on the aspect of mechanical characteristic (tensile strength, elongation at break), and % 
swelling. The mechanical characteristic of the film were characterized by autograph and swelling test. 
The alteration of chemical structure was studied by FTIR.          
 The results showed the higher of chitosan-starch ratio increased the tensile strengh and              
the elasticity of film but decreased in % swelling. Otherwise, the addition of plasticizer increased    
the elasticity of film and % swelling. These results suggested that these two film forming components 
were an interaction existed, a greater intensity was observed and the amino group band of chitosan 
molecule in the FTIR spectrum shifted from 1601 cm−1 in the chitosan film to 1590 cm−1                      
in composite films.  
 
Keywords: Chitosan-Starch ;  Gliserol ;  Tensile Strength;  Elongation at Break 
 
1. Introduction 
Recently, biodegradable polymers have much attention because of environmental issues. 
Bioplastic is a new product from biodegradable and plastic composite, composed of material 
that can be degraded as starch (maize, potato, tapioca), cellulose, proteins, lactic acid, and     
so on. Those materials are non-toxic in the production process and decompose  into carbon 
dioxide, water and biomass in the environment when disposed of. 
Up to this point, there have been done a lot of researches to make environmental 
friendly polymer materials or biodegradable polymer products, one of which is modified by 
combining materials from synthetic-natural or both natural materials such as composites based 
on chitosan-starch.   
Chitosan [-(1-4)-2-amino-2-deoxy-D-glycopyranose] is a polysaccharide obtained from 
natural chitin through alkaline deacetylated, the second most abundant polysaccharide on the earth 
after cellulose (Rhim, Weller, and Ham, 1998). While, starch becomes one of promising candidate for 
biodegradable polymer because of low cost. Unfortunately, starch based polymers have very poor 
properties compared to other commercial polymers, such as moisture sensitivity, difficult 
processability and poor mechanical properties. Therefore, combining starch with chitosan                   
as hydrophobic flexible polymer and suitable plasticizer can solve the problems. One of the 
plasticizers which can be used is glycerol. By the addition of plasticizer polymer substances, 
biodegradable polymers are easily obtained, cheap cost of their production and the tenable            
nature of plasticity. 
Various studies have been published on the modification of chitosan – starch composite among 
others: the effects of glycerol and chitosan (Chillo et al., 2008), ferulic acid (Mathew, S. and 
Abraham, T.E., 2008) and ratio of corn starch to chitosan (Xu, Y.X. et al., 2005) on the mechanical 
properties and barrier characteristics of chitosan-starch film. Chitosan can be used as raw material for 
biodegradable films (and Cardenas Miranda, 2004) and provide a strong mechanical properties 
(Rutiaga, et. al., 2005). The research about modification of chitosan –starch composite which deals 
with various degree of deacetylation of chitosan has also been published.  They present that the higher 
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degree of deacetylation (DD) of chitosan will cause the structure of the chitosan become stronger 
compared to the chitosan with lower degree of deacetylation   The higher degree of deacetylation of 
chitosan caused the level of stretch increased, therefore  the plastic film will be  more elastic. 
(Nunthanid, et. Al., 2001).    
In the previous research, the influence of plasticizer composition and the ratio of chitosan-starch 
on the properties of starch-chitosan composites film were also studied (Emma, et.al., 2007). In that 
experiment, the composites based on chitosan-starch were synthesized at different weight ratios     
(3/7-10/0) by using 4 %v/v of glycerol as plasticizer. The films were observed on the aspect of 
mechanical characteristic, and % swelling. Tensile strength of the composite films first increased and 
then decreased with chitosan addition more than 60%. Otherwise, the addition of chitosan increased 
the elasticity of film and decreased % swelling. Films made of chitosan with the higher                    
degree of deacetylation were found to have higher tensile strength and elongation in a tensile test. 
Chitosan film obtained in the previous studies has been quite strong, but still in low elasticity.  
Bourtoom (2007) in his attempt to increase the elasticity by adding plasticizer with 
composition 10- 60% volume to the mixture of chitosan-starch. The plasticizer used is 
sorbitol and ethylene glycol. The results showed that the  plasticizer in low composition make 
the film are not pliable, while in high composition make plastic film being easily absorb 
water and dissolve. In order to optimize the mechanical characteristic of chitosan-starch film, 
several chitosan-starch ratios combined with plasticizer composition were investigated          
in this research.  
 
2. Experimental 
Chitosan which has 84 % of DD ( degree of deacetylation) were obtained from the laboratory 
product. It was diluted in acetic acid solution at about 0.75 % (v/v). ). A series of starch/chitosan 
composite films were prepared at chitosan/starch ratio ratio of  7/3; 8/2; 9/1; 10/0.  The solution was 
stirred and heated at 60 oC. Glycerol as plastizicer was added in the various composition, which are 
respectively : 12.28 ; 16.67 ;  20.63 ; 24.24% volume to chitosan. The mixtures were casted  at  room 
temperature onto a glass plate  and dried at 50 oC. Plastic film was already soaked with dilute NaOH  
and then peeled from the plates. The Characterization of composite films includes mechanical 
properties (tensile strength, elongation at break),  and swelling test. The mechanical properties were 
characterized by autograph (ASTM-D638) and the alteration of chemical structure was studied by 
FTIR (Fourier Transform Infrared Spectroscopy)  
 
3. Results and Discussion 
In order to study the influence of plasticizer in starch-chitosan film, there were series of 
experiment by varying plasticizer composition  ( 12.28% - 24.24%) at several ratio of starch-chitosan.  
The results of tensile strength and ultimate at break testing film kitosan-starch with addition 
of plasticizer are showed in Figure 1(a). and 1(b). 
 
  
Figure 1. The Influence of Plasticizer Composition on the Chitosan-Starch Ratio to  
(a)Tensile Strength, (b) Elongation at Break 
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In figure 1(a) shows that  the tensile strength values of the composite films increased with  
the addition of chitosan, which 100% chitosan film has the highest tensile strength compared to  
chitosan to starch film in the range of weight ratios (7/3; 8/2 ; 9/1). Chitosan has a linear chain 
structure (Hemant and Shivakumar, 2009), while the starch have two main constituent 
components i.e.: amylose has a linear chain structure and amylopectin has a branched 
structure. The higher chitosan composition are more compact leading to facilitate hydrogen bonding 
formation and in turn crystallinity formation in film. Furthermore, higher  chitosan contains  more  
amino  groups,  which  also  facilitate  the  hydrogen  bonding  formation both intra and  
intermolecular hydrogen bonds. The formation of intermolecular hydrogen bonds could be between 
NH3+ of chitosan backbone and OH- of the starch. The amino groups (NH2) of the chitosan were 
protonated to NH3+ in the acetic acid solvent, whereas the ordered crystalline structures of the starch 
molecules were destroyed with gelatinization, resulting in the OH groups being exposed to readily 
form hydrogen bonds with NH3+ of the chitosan. The number of NH3+ increased with increasing 
chitosan in the film forming solution. At the higher chitosan, the tensile strength of the composite 
films increases. This is different with other previous results (Xu, Y.X., et al., 2005 and Kenfat and 
Wulan, 2007), which at the higher chitosan, the tensile strength of the composite films decreases.      
The decrease in tensile strength with increasing chitosan may occur because chitosan intra-moleculer 
hydrogen bonds rather than inter molecular hydrogen bonds are formed; resulting in a phase 
separation between the two main components.         
The elongations at break values of the composite film were affected by the addition of chitosan. 
Figure 1(b) shows that the increase of chitosan composition will increase the strain. The films were 
transparent, quite strong and flexible. Chitosan films are typically more flexible than starch films.  
The addition of chitosan increased the flexibility of the film 
In Figure 2. – Figure 3. shows the influence of plasticizer composition (12.28% - 24.24%) to 
tensile strength and %strain on chitosan-starch different weight ratios (7/3; 8/2; 9/1; 10/0). 
 
  
       Figure 2. The Influence of Plasticizer Composition to Tensile Strengh and 
                                          %Strain on (a)10/0 ; (b) 90/1 Ratio of Chitosan to Starch 
 
In figure 2-3 shows that the addition of glycerol as a plasticizer will increase tensile strength 
and strain of the film in the chitosan-starch of weight ratios (7/3; 8/2; 9/1; 10/0).  The higher glycerol 
composition probably facilitate hydrogen bonding formation both intra and intermolecular hydrogen 
bonds and in turn the tensile strength of the composite films increases. The addition of plasticizer up 
to 24% in several ratios of chitosan starch results in a two –to five fold increase in the elasticity of the 
film. The elasticity properties were characterized by the plasticizers could be caused by a change        
in the structure from crystalline to amorphous state in the formation of composite films.                 
(Xu, Y.X., et al., 2005). Other result (Bourtoom, 2007) showed that an increased in the concentration 
of glycerol over on the range from 20 to 60% yielded a decrease in tensile strength due to the decrease 
in the intermolecular interactions concomitant with an increase in elongation at break. 
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                        Figure 3. The Influence of Plasticizer Composition to Tensile Strength and 
                                            %Strain on (a) 8/2; (b) 7/3 Ratio of Chitosan to Starch  
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Figure 4. FTIR Spectra of Chitosan Film, Starch Film, and typical Chitosan/Starch 
Composite Film  with the ratio of Chitosan to Starch of  9/1 and 20.63% Plasticizer 
 
The chemical structure of chitosan starch composites was  also verified by  FTIR  analysis.     
The infrared spectra of chitosan, starch, and chitosan-starch composite film are presented in Fig. 4. 
The chitosan spectrum was similar to previous reports (Nunthanid et al., 2001; Ritthidej et al., 2002; 
Xu, Y.X., et al., 2005). The broad band at 3448 cm-1 was the OH stretching, which overlaps the NH 
stretching in the same region. The band at 1601 cm-1 was the NH bending (amide II). A peak near 
1655 cm-1  was due to the C=O stretching (amide I). In the spectrum for starch film, the broad at 3418 
cm-1 was the OH stretching. The peak at 2912 cm-1 corresponded to the C-H stretching., while              
the band at 1646 cm-1 and 1418 cm-1  were assigned to the (O-H) bendings of water and CH2, 
respectively. In the typical spectrum of chitosan-starch composite film, greater intensity was observed 
and the amino peak of chitosan shifted from 1601 to 1590 cm-1 with  the addition of starch. This result 
indicated that interactions were present between the hydroxyl groups of starch and the amino groups 
of chitosan.  This is consistent with other results (Xu, Y.X., et al., 2005).  
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The result also explained the influence of chitosan-starch ratio on swelling properties.                      
The % swelling values of the composite films as function of starch ratio in the film-forming solutions 
are shown in Fig 5. The % swelling minimum occurred at the chitosan to starch ratio 10/0, and then 
increase with the addition of starch.  Chitosan has properties of hydrophobic, while starch has of 
hydrophilic properties. Although the chitosan as a hydrophobic nature, but chitosan is still be able to 
bind water because it has a hydroxyl group. The composite may have ordered structures which can’t 
be easily hydrate. The addition of starch up to 30% in several ratio of chitosan starch results up to  1.5 
fold increase in the %swelling of the film, while the addition of glycerol in the range of                
12.28% - 24.24% indicating that % swelling was not significant increased. Glycerol has a binding 
ability of water due to the presence of the three hydroxyl groups which are hydrophilic. In addition to 
the hydrophobic and hydrophilic nature, the polarity of component affect the ability to bind water          
in each of chitosan, starch and glycerol. 
 
4. Conclusion 
The results showed the higher of chitosan-starch ratio increased the tensile strengh and             
the elasticity of film but decreased in % swelling. Otherwise, the addition of plasticizer increased            
the tensile strengh, the elasticity of film and % swelling. In the typical spectrum of chitosan-starch 
composite film, greater intensity was observed and the amino peak of chitosan shifted from 1601 to 
1590 cm-1 with the addition of starch. This result indicated that interactions were present between      
the hydroxyl groups of starch and the amino groups of chitosan.  
 
 References 
1. Bourtoom, Thawien, (2008), Plasticizer Effect on The Properties of Biodegradable Blend Film 
from Rice Starch-Chitosan, Songklanakarin Journal of Science and Technology. 30:149-165 
2.  Cardenas, Galo dan Patricia Miranda, (2004), FTIR and TGA Studies of Chitosan Composites 
Film, Journal of the Chilean Chemical Society. 
3. Chen, R.H., Lin, J.H., and Yang, M.H., (1994), “Relationships between the chain flexibilities of 
Chitosan Molecules and The Physical Properties of Their Casted Films”, Carbohydrate Polymers,  
24 : 41-46 
4. Chillo, S., Flores, S., Mastromatteo, M., Conte, A., Gerschenson, L., and Del Nobile, M.A.,  
(2008) “Influence of glycerol and chitosan on tapioca starch-based edible film properties”, 
Journal of Food Engineering, 88 : 159-168 
5. Emma, S., Natalia, S, Kenfat, (2008), Synthesis and Characterization of Starch-Chitosan 
Composites., Proceeding Seminar RSCE, Kualalumpur, Malaysia  
6. Famá, L., Flores, S.K., Gerschenson, L., Elsevier, S.G., (2006), “Physical characterization of  
       cassava starch biofilm with special reference to dynamic mechanical properties at low  
       temperature”, Carbohydrate  Polymers, 66 :(1), 8-15  
7. Matthew, S., and Abraham, T.E., (2008), “Characterization of Ferulic Acid Incorporated Starch 
       Chitosan Blend Films”,Journal of Food Hydrocolloid, 22 : 826-835  
 
 
Figure 5. The Influence of Plasticizer Composition on 
the Chitosan-Starch Ratio to %Swelling 
D-45-5
19th Regional Symposium   RSCE 2012 
on Chemical Engineering  November 7-8, 2012, Bali, Indonesia 
8. M. O. Rutiaga, L. J. Galan, L.H. Moralez, S. H. Gordon, S. H. Imam, W.J. Orts, G. Gleen and K. 
A. Nino, (2005), Mechanical Property and Biodegradability of Cast Films Prepared from Blends 
of Oppositely Charged Biopolymers, Journal of Polymers and the Environment, vol. 13, no. 2 
9. No, H.K., Meyers, S.P., Lee, K.S., (1989), “Crawfish Chitosan as Coagulant in Recovery of 
Organic Compounds from Seafood Processing Streams”, Journal of Agricultural and food 
Chemistry, 37:575-579 
10. Otaigbe, Joshua U. dan Daniel O. Adams, (1997), Bioabsorbable Soy Protein Plastic Composites: 
Effect of Polyphosphate Fillers on Water absorption and Mechanical properties, Journal of 
Polymer and the Environment, 5 (4) : 199-208  
11. Rhim, J., Weller, C. L., and Ham, K.S., (1998), “Characteristics of Chitosan Films as Affected 
The Type of Solvent Acid”, Food Science and Biotechnology, 7, (4): 263-268 
12. Synowiecki, Josef dan Al-Khateeb, Nadia Ali,( 2003),”Production, Properties, and Some New 
        Applications of Chitin and Its Derivatives”, Critical Reviews in Food Science and Nutritions, 43, 
        (2) : 145-171. 
13. Suyatma, N. E., Tighzert, L., Copinet, A., and Coma, V., (2005), “Effects of Hydrophilic 
       Plasticizers on Mechanical, Thermal and Surface Properties of Chitosan Films”, Journal of  
       Agricultural and Food Chemistry, 53: 3950-3957  
14. Wu, Q.X., Zhang, L.N., (2001), “Structure and properties of casting films blended with starch and 
waterbome polyurethane”, J. Appl. Polym. Sci., 79 : 2006-2013 
15. Xu, Y.X., Kim, K.M., Hanna, M.A., and Nag,D. (2004), “Chitosan–starch composite film: 
       preparation and characterization”, Industrial Crops and Products, 21: 185-192 
 
D-45-6
Department of Chemical Engineering, Osaka Prefecture University, 1-1 Gakuen-
cho Naka-ku, Sakai, Osaka, Osaka 599-8531, Japan 
 
D-51 Characterization and UV Photocatalytic Activity of Nano-TiO2 Co-doped with 
Iron and Niobium for Lindane Removal  
Nhat Minh Doan, Carl Renan Estrellan, Anton Purnomo, Susan Gallardo, Chris 
Salim, Hirofumi Hinode, Pailin Ngaotrakanwiwat 
Chemical Engineering Department, De La Salle University, Philippines  
Tokyo Institute of Technology, Japan  
Burapha University, Thailand 
 
D-52 Preparation and characterisation of carbon nanotube buckypapers 
synthesized from SWNTs and MWNTs in different dispersants 
Son Q.T Pham, Jenny Boge, Luke Sweetmanb, Leighton Alcock, Anthony Wise, 
Mohamed Mostafa, Jing Cai, Stephen Ralph, Marc in het Panhui, Hanh N. 
Nguyen 
Nong Lam University, Linh Trung ward, Thu Duc dist, HCMC, Vietnam. 
University of Wollongong, NSW 2522, Australia. 
University of technology of HCMC, 268 Ly Thuong Kiet, HCMC, Vietnam 
 
D-53 Effect of Metal Oxide on Electrical Properties of Tapioca/Metal Oxide 
Composites 
Nuryetti, Heri Hermansyah, Mohammad Nasikin 
Departement of Chemical Engineering, Universitas Indonesia, Depok 16424, 
Indonesia 
 
D-54 Low Molecular Weight Chitosan Production by Hydrolisis Using Commercial α-
amylase Hypertermophilic 
Nur Rokhati, Bambang Pramudono, Heru Susanto, Prita Issolikha Wijayanti 
Departement of Chemical Engineering, Universitas Diponegoro, Semarang 50239 
Indonesia 
 
D-55 Fabrication of Dye-Sensitized Solar Cell using Spray Coating Method 
Agus Purwanto, and HendriWidiyandari 
Department of Chemical Engineering,SebelasMaret University,Jl. Ir. Sutami No. 
36 A, Surakarta, Indonesia 
Department of Physics,Diponegoro University,Jl. Prof. H. Soedarto SH, 
Semarang, Central Java 50275, Indonesia 
 
D-56 The Influence of Urea as Additive on the Particle Characteristics of 
Hydroxyapatite Synthesized by Flame Spray Pyrolysis Method 
Abdul Halim, Widiyastuti, Tantular Nurtono  and SugengWinardi
 
Department of Chemical Engineering, SepuluhNopember Institute of Technology, 
Surabaya 60111, Indonesia 
 
 
D-57 The Analysis of Particle Formation Mechanism in the Diffusion Flame Reactor 
using Liquid Precursor  
Agung Nugroho, Widiyastuti, and Sugeng Winardi  
Department of Health and Safety Engineering, Surabaya Shipbuilding State 
Polytechnic, 60111, Indonesia  
Department of Chemical Engineering, Sepuluh Nopember Institute of 
Technology, Surabaya 60111, Indonesia 
 
D-58 Effect Sonication in Cellulose Degradation Using Hydrothermal Method  
Sumarno, P.N. Trisanti, Sumari, and Mulyanto 
Department of Chemical Engineering, Sepuluh Nopember Institute of 
Technology, Surabaya 60111, Indonesia 
 
 
 
 
 
 
 
 
 
E. Environmental Science and Technology 
E-01 Hydrothermally Prepared Iron Oxide Nanoparticles Pillared Montmorillonite as 
an Effective Adsorbent for Pb and As Removal 
Chairul Irawana, Iryanti Fatyasari Nata, and Cheng-Kang Lee 
Department of Chemical Engineering, Faculty of Engineering, University of 
Lambung Mangkurat, Banjarbaru 70711 Indonesia 
 
E-02 Photo-Oxidation of VOCs with Hydrogen Peroxide  
Katsuyasu Sugawara, Takahiro Kato, Kenji Murakami, Takuo Sugawara and 
Hitoshi Funayama 
Faculty of Engineering & Resource Science, Akita University, Akita 010-8502 
Japan 
Department of Materials Engineering, Akita National College of Technology, 
Akita 010-8511 Japan 
 
E-03 Precipitation of struvite: a feasible approach for scale prevention and nutrient 
recovery from wastewater 
S.Muryantoa, A.P.Bayuseno, and E.Supriyo 
Dept. of Chemical Engineering and Office of Research, UNTAG University in 
Semarang, Bendhan Dhuwur Campus, Semarang 50192, Indonesia  
Centre for Waste Management, Mechanical Engineering Graduate Program, 
Diponegoro University, Tembalang Campus, Semarang 50275, Indonesia  
Chemical Engineering Vocational-D3 Program, Diponegoro University, 
Tembalang Campus, Semarang 50275, Indonesia 
 
E-04 Removal  of Acid Blue 158 from Solution by Sunflower Seed Hull 
Siriwan Srisorrachatr 
Department of Chemical Engineering, Faculty of Engineering, Srinakharinwirot 
University, Nakhon Nayok 26120, Thailand. 
Graduate School, Srinakharinwirot University, Bangkok 10110, Thailand. 
 
E-05 Synthesis of Ferrate (Fe(VI)) from Sludge and its Performance in Arsenite 
Removal from Water evaluated by Response Surface Methodology (RSM) 
Vincent Paul G. Monterosoa, Meng-Wei Wan, Chi-Chuan Kan, Ma. Lourdes P. 
Dalida 
Department of Chemical Engineering, College of Engineering, University of the 
Philippines Diliman, Diliman, Quezon City, 1101, Philippines  
Department of Environmental Engineering and Science, Chia Nan University of 
Pharmacy and Science, Jen-Te, Tainan, 71710, Taiwan 
 
E-06 Removal of Lead(II) and Copper (II) Heavy Metals From Binary Mixture Using 
Rice Straw Wastes As Biosorbent  
F.E. Soetaredjo, A. Kurniawan, L.K. Ong, S. Ismadji 
Department of Chemical Engineering, Widya Mandala Surabaya Catholic 
University, Kalijudan 37, Surabaya 60114, Indonesia 
 
E-07 Improving the performance of cellulose acetate pervaporation membrane by the 
addition of bentonite and natural zeolite Malang  
Dianika Lestari and Irwan Noezar 
Department of Chemical Engineering , Faculty of Industrial Technology, Institute 
Technology Bandung, Jalan Ganesha 10 Bandung 40132 Indonesia 
 
E-08 The Use of Natural Coagulants in Wastewater Treatment 
Pretty Mori Budiman, Ta Yeong Wu, and Chee Yang The 
Chemical Engineering Discipline, School of Engineering, Monash University, 
Jalan Lagoon Selatan,Bandar Sunway, 46150, Selangor Darul Ehsan, Malaysia. 
 
E-09 Recent Development In Solid Waste Management Through Composting and 
Vermicomposting 
Katrina Pui Yee Shak, Ta Yeong Wu, Pei Nie Lim and Su Lin Lim 
Chemical Engineering Discipline, School of Engineering, Monash University, 
Jalan Lagoon Selatan,Bandar Sunway, 46150, Selangor Darul Ehsan, Malaysia 
 
E-10 Treatments of Pulp and Paper Mill Effluent 
Wennie Subramonian, Ta Yeong Wua, and Jaqueline Xiao Wen Hay 
Chemical Engineering Discipline, School of Engineering Monash University, 
Jalan Lagoon Selatan, Bandar Sunway, 46150, Selangor Darul Ehsan, Malaysia 
 
E-11 Variation of Size Distribution and Iron Loading in Iron Oxide-Coated Sand 
Sorption Systems 
Jay R T. Adolaciona and Maria Lourdes P. Dalida 
Department of Chemical Engineering, University of the Philippines, Diliman, 
Quezon City, Philippines 
 
E-12 Photocatalytic Degradation of Azo Dyes (Reactive Red 198) using Platinum-
loaded AgBr-TiO2 Coupled Catalysts 
Argenia B. Co, Daryll Anne T. de Joya,Eunice H. Mabutas, and Rolly G. Santos 
School of Chemical Engineering and Chemistry 
Mapúa Institute of Technology, Manila Philippines 
 
E-13 Treatment of Quick-Service Restaurant Wastewater by Electrocoagulation:  Effect 
of Charge Loading on Pollutant Removal and Energy Consumption  
Jem Valerie D. PEREZ and Wilfredo I. JOSE 
Department of Chemical Engineering, University of the Philippines, 1011 
Diliman, Quezon City, Philippines 
 
E-14 Photocatalytic Degradation of Acetaminophen in TiO2/Visible Light Reactor 
System  
Kristine Marfe S. Amer, Maria Lourdes P. Dalid, PhD, and Ming-Chun Lu, PhD 
Environmental Engineering Program, University of the Philippines Diliman, 
Quezon City 1101 Philippines  
Department of Chemical Engineering, University of the Philippines Diliman, 
Quezon City 1101 Philippines  
Department of Environmental Resources Management, Chia Nan University of 
Pharmacy and Science, Tainan 717 Taiwan 
 
E-15 Decomposition of gas-phase benzene using Ag/TiO2 packed nonthermal plasma 
catalysis reactor 
Christian David C. Pangilinan, Hirofumi Hinode, and Chris Salim 
Department of International Development Engineering, Tokyo Institute of 
Technology, Tokyo 152-8550 Japan 
 
E-16 Treatment of Quick Service Restaurant Wastewater through Compact 
Electrocoagulation Technology 
Jake Lawrie T. Chin, Christopher Kenneth N. Choa, Gladys Paz T. Cruz, and 
Pag-asa D. Gaspillo 
Department of Chemical Engineering, De La Salle University – Manila, 2401 Taft 
Ave., M.M. 
 
E-17 Two Stages Phytoremediations Of Palm Oil Mill Effluent (Pome) By Using Apu-
Apu(Pistia Stratiotes) Plant And Algae Spirulina Sp For Protein Production 
Hadiyantoand Danny Soetrisnanto 
Center of Biomass and Renewable Energy (CBIORE) 
Chemical Engineering Department, Diponegoro University 
Jln. Prof. Sudharto, Tembalang, Semarang, 50239, Telp/Fax: (024)7460058 
 
E-18 Ultrasound-Assisted Oxidative Desulfurization of Organosulfur Compounds using 
Ferrate (VI) from Sludge 
Aries A. Arcega, Chi-Chuan Kan, Maria Lourdes P. Dalida, Meng-Wei Wan 
Department of Chemical Engineering, University of the Philippines Diliman, 
Quezon City 1101,Philippines 
Department of Environmental Engineering and Science, Chia Nan University of 
Pharmacy andScience, 60, Erh-Jen RD., Sec.1, Jen-Te, 717, Tainan, Taiwan 
 
 
Additional Paper 
 
Ad-1 Comparation between Multi-culture Fermentation Method and Series in 
Bioethanol Production using Saccharomyces cerevisiae and P.pastoris GS115 
mut+ 
 Zilfahmiati, Ronny Purwadi 
 Department of Chemical Engineering – Faculty of Industrial Technology, Institut 
Teknologi Bandung 
 
Ad-2 Numerical Study on A Bead Mill by Lagrangian-Lagrangian Coupling Method 
Yoshinori YAMADA, Xiaosong SUN, and Mikio SAKAI 
Department of Systems Innovation, Graduate School of Engineering, University 
of Tokyo 
Research Fellow of the Japan Society for the Promotion of Science 
Department of Nuclear Engineering and Management 
School of Engineering, University of Tokyo 
 
Ad-3 Effect H2O and SO2 Concentration on Selective Catalytic Reduction of Nitrogen 
Oxide by Ammonia over V2O5-WO3/TiO2 Catalyst 
Piyasan Praserthdam and Phraewphan Kuntanate  
Center of Excellence on Catalytic Reaction Engineering, Department of Chemical 
Engineering, Faculty of Engineering, Chulalongkorn University, Bangkok, 10330, 
Thailand 
 
Ad-4 Synthesis of Gold Nanostructures Using Paper for Active SERS Substrate 
Yian Tai, Sudeshna Kar, and Christa Desmonda 
Department of Chemical Engineering, National Taiwan University of Science and 
Technology, Taipei 10607 Taiwan 
 
 
